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INTRODUCTION
A knowledge of the nutritional status of various population groups
is an essential part of any program to improve the health of a populace.
Such knowledge can best be attained from nutritional surveys that in-
clude dietary, chemical, and medical measures of nutritional status.
These surveys are, however, expensive, and they frequently yield data
that are difficult to interpret. To simplify the survey procedures, and
to increase the value of the data collected, it is necessary to obtain a better
understanding of the complex relationships between dietary intake,
biochemical processes, and physical signs. The present study is a step
in this direction.
Correlations between results obtained by dietary, chemical, and
clinical methods for estimating nutritional status have been reviewed
recently (Sinclair, 1948; Putnam, et al, 1949; National Research Council,
1949). These authors indicate that low correlations may be due to
experimental errors, to incorrect interpretation of the data, or to a
combination of these factors.
The types and magnitudes of experimental errors involved in the
collection of dietary, chemical and clinical data have been discussed
elsewhere (National Research Council, 1949; Babcock, et al, 1952;
Young, et al, 1952; Clayton, et al, 1953). The effect of these errors on
methods employed in correlation analysis tends, on the average, to
depress the degree of association or to mask it entirely, so that under-
estimation of relationships is very likely. On the other hand, gross
errors are capable of causing an entirely fictitious result to appear.
Incorrect interpretation may result from incomplete understanding
of the quantitative relationships between dietary intake, body chemistry,
and gross physical changes during the development and recession of
chronic multiple deficiences. The understanding of these relationships
is made particularly difficult by several factors characteristic of subjects
studied in their usual environment. Of primary importance is the fact
that the quantity and quality of nutrients in the diet varies from meal
to meal and from day to day. The length of time required for these
dietary fluctuations to be reflected in tissue levels and gross physical
changes varies with the nutrient, with the individual, and with condi-
tioning factors. It also has been pointed out (Pett, 1945; Darby, 1947;
National Research Council, 1949) that individual variations which place
a particular subject in the low end of a frequency distribution curve
for blood levels do not necessarily place him in the corresponding part
of the frequency distribution curve for clinical signs. Consequently,
high correlations cannot be expected within the range of normal
individual variations. Also, at high levels of nutrient intake, the ten-
dency for the body to store, destroy, or excrete excess nutrients, and
the general absence of gross lesions may prevent high correlations of
blood and physical findings with dietary intake. Higher correlations
are to be expected, therefore, from subjects whose nutritional status
ranges from very poor to fair. Although the data presented in this
paper were obtained, for the most part, from subjects whose nutritional
status was generally fair to good, an attempt was made, in one phase of
the analysis, to compare certain correlations obtained at different levels
of nutritional status.
This report is the result of work done in Nutritional Status Project
NE-4, conducted cooperatively by agricultural experiment stations of
the Northeast Region, under the provisions of the Research and Market-
ing Act of 1946. The objective of the project was the correlation of
the results of dietary surveys, biochemical studies, and medical examina-
tions as measures of nutritional status. The data presented here give
the measures of those correlations found for various population groups
in the region. The population groups studied and the minimum
numbers of subjects who provided data for the correlation studies were
as follows:
Maine 201 junior high school students
Massachusetts 74 pregnant women
New Jersey 509 male industrial workers
New York 355 school children
Rhode Island 214 high school and college students
West Virginia 206 college students
More detailed descriptions of the populations sampled are given else-
where (Babcock, et al, 1952).
The techniques used in the collection of the dietary, chemical, and
clinical data have been described (Northeast Region, 1951). Every
effort was made to use the same methods throughout the project. The
findings of the individual measures of nutritional status have been
reported separately (Babcock, et al, 1952; Tucker, et al, 1952; Clayton,
et al, 1953).
Although two kinds of dietary data were available, diet histories and
seven-day diet records (Northeast Region, 1951), it was not feasible to
make correlation studies with both types of data. Accordingly, either
the history or record was used from each experiment station, depending
on which was available from the larger number of subjects. The data
presented here utilized diet histories from New Jersey and seven-day
diet records from all other states. Subjects who consumed vitamin supple-
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merits were eliminated from the dietary correlation studies for all sta-
tions, except Massachusetts. Since it is common practice for pregnant
women to take vitamin supplements, the nutrients consumed in supple-
ment form were added to the dietary values for that group before the
correlations were calculated.
PROCEDURES
In this study it was desired to look for associations between 4 blood
constituents, 7 dietary nutrients, and 22 physical signs, and to examine
these sets of data separately for each of the six cooperating stations.
These associations included: (a) blood constituents with dietary nu-
trients, (b) blood constituents with physical signs, (c) dietary nutrients
with physical signs, and (d) partial and multiple associations of blood
constituents and dietary nutrients with individual physical signs. The
associations of physical signs with blood constituents and with dietary
nutrients could not be computed and expressed directly as correlation
coefficients because the physical signs were recorded only in descriptive
terms (normal, mild, moderate, or severe) rather than as a range of
numerical values. Accordingly, two other statistical procedures were
employed to measure these associations. The two procedures used in
this initial phase of the study were, first, the chi-square test of con-
tingency, and second, the comparison of mean nutrient levels, using the
"t" statistic. In addition to providing estimates of the associations of
physical signs with blood constituents and dietary nutrients, these pro-
cedures served as a screening operation to determine which of the
physical signs, blood constituents, and dietary nutrients should be con-
sidered in subsequent and more detailed analyses.
Simple Correlation Coefficients
Correlations between pairs of blood and dietary data were expressed
by simple correlation coefficients. Putnam, et al (1949) found no
advantage in correlating blood ascorbic acid with the logarithms of
ascorbic acid intakes, despite the fact that logarithms of the intakes gave
more symmetrical frequency distribution curves for their data.
Chi-square Test of Contingency
Subjects from one experiment station at a time were divided into
three groups according to the blood level or dietary intake of a given
nutrient. The chi-square test of contingency (Appendix A) was then
applied to test the hypothesis that each of these three groups had the same
incidence rate of a given physical sign. Where differences in the inci-
dence rates were found of such magnitude that they were not likely
(P < 0.10) to have occurred by chance, the physical sign was tentatively
considered to be associated with the nutrient. These tests showed
which signs had significant association with each nutrient, but did not
indicate the relative magnitude of the associations. To provide informa-
tion on the relative magnitude of those associations that had been shown
to be significant by the chi-square test of contingency, the coefficients
of mean square contingency or C values (Appendix B) were calculated.
The chi-square test of contingency was used to test the associations of
22 physical signs with 4 blood constituents and also with 7 dietary
nutrients. Treating the data from the six experiment stations separately,
pairwise associations between all possible combinations of every physical
sign with every blood and dietary constituent were computed, except
where very low incidence rates of a particular sign precluded the use of
this test. One physical sign, purpura, mentioned in other reports from
this project (Babcock, et al, 1952), was excluded from this analysis be-
cause there were too few cases of it to justify statistical treatment.
Another physical sign, the general appearance rating, was excluded
because of its general nature. Likewise, calories, calcium, and phos-
phorus were excluded from the dietary data because they probably
have little direct relationship with the physical signs and blood con-
stituents reported here. The following definitions were used to classify
the groups of subjects in the calculations:
Physical signs—Although the incidence rates of a physical sign were
originally reported separately for subjects having that sign in mild,
moderate, and severe degrees, these groups were combined into a single
group of subjects having the sign, to provide sufficient numbers of
subjects for statistical treatment.
Blood constituents—The subjects were divided into three groups, low,
middle, and high, on the basis of classifications made by Bessey and
Lowry (1947). "Low" blood levels were defined as their "poor" group,
"middle" levels as their "fair" group, and "high" levels included both
their "good" and "excellent" groups. The blood levels corresponding
to these classifications are given in Table 1.
Dietary nutrients—The subjects were classified into three groups on the
basis of the proportion of the National Research Council (1948) recom-
mended daily allowance of a nutrient supplied by their diets. If a
subject's diet supplied less than 50 per cent of the N.R.C. allowance for
his age and sex group, he was classified as having a "low" dietary level
of that nutrient, if 50 per cent to 69 per cent he was classified as having
a "middle" dietary level, and if 70 per cent or more he was classified as
having a "high" dietary level. It was recognized that these percentages
of the N.R.C. recommended allowances do not have the same significance
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for different nutrients and for different age and sex groups, but they
provide a consistent definition applicable to the various nutrients and
population groups included in this study.
Comparison of Mean Nutrient Levels
As the first step in the calculation of partial and multiple associations
of blood constituents and dietary nutrients with individual physical
signs, mean nutrient levels were computed for subjects with and without
physical signs. These data offered further evidence on the magnitude
and significance of differences noted in the chi-square analysis, and pro-
vided a further basis for screening associations to be tested by the more
detailed analyses. For this comparison the subjects at each experiment
station were divided into two groups, those with a particular sign
(whether mild, moderate, or severe) , and those without it. Mean levels
of blood constituents and of dietary nutrients were computed for each
group. The differences between the means were tested by the "t"
statistic (Appendix C).
These comparisons of mean nutrient levels were made for all asso-
ciations that had been shown to be significant at the 10 per cent level by
the chi-square test wherever the data indicated that more than one
nutrient was associated at a station with a physical sign. The latter
restriction was made because the comparisons of mean nutrient levels
were primarily a screening procedure for the partial and multiple associa-
tion analyses, as will be described later. In addition, to minimize the
chance of overlooking any other possible association, wherever the test
of contingency yielded a probability greater than 10 per cent, but showed
a tendency for association previously reported in the literature, the
association was included in the analysis made for mean nutrient levels.
A working list of associations previously reported in the literature
(Table 2) was prepared by two physicians, Dr. A. Hughes Bryan and
Dr. Chester A. Newhall, consultants for this project, from similar lists
published by the American Medical Association (1946) and by Jolliffe,
Tisdall, and Cannon (1950).
Discriminant Function
The previously described analyses have dealt with associations between
pairs of measures of nutritional status, without regard to any effects
of other factors on the associations of those pairs. Since there was
evidence of relationships among blood constituents and dietary nutrients,
the discriminant function analysis (Appendix D) was used to adjust
for any effects of these relationships on the associations of blood and
dietary levels with physical signs. In this analysis the subjects at each
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station were divided qualitatively into two groups, those with a par-
ticular physical sign (whether mild, moderate, or severe) and those
without it. Then the quantitatively measured blood constituents and
dietary nutrients that had previously been shown to be associated with
that sign at that station were associated collectively with the sign. This
approach showed the association of each nutrient with the sign after the
effects of other nutrients had been removed by adjusting the subjects
to the same level of those other nutrients.
Since this phase of the analysis was concerned with several nutrients
at a time, it was applied only to those physical signs for which two or
more nutrients (blood or dietary) had been found to be significant by
the comparison of mean nutrient levels. A broad definition of sig-
nificance (20 per cent level) was used, and in a few cases the analysis
also was extended to a corresponding blood or dietary nutrient, the
association of which had not previously been statistically significant, to
take the greatest advantage of the comprehensive analysis afforded by
the discriminant function.
The discriminant function analysis also provided information on the
accuracy with which a physical sign could be predicted from a combina-
tion of blood and dietary data.
Effect of Nutritional Status on Associations
Theoretically, the degree of association between dietary levels, blood
levels, and physical signs may be expected to vary with the nutritional
status of individuals. For deficient subjects blood levels and physical
signs should, theoretically, reflect dietary intakes. With subjects on high
planes of nutrition, however, the blood and tissue levels tend to be
independent of intake. Above the "requirement" level the tissues ap-
proach "saturation" and there usually is a tendency for excess nutrients
to be destroyed, excreted, or stored, with the result that there is little
correlation with blood levels and physical signs.
Correlations between dietary nutrients, blood constituents, and physi-
cal signs may, therefore, be very low at high planes of nutrition. When
the population studied includes many well-nourished individuals, as was
the case in this study, a preponderant number of subjects may fall in
this zone of low correlations. The addition of a large number of
subjects with low correlations to a small sample of subjects with high
corelations will generally reduce the magnitude of the correlation
statistic calculated for the group, whether that statistic be calculated
by correlation analysis, by the chi-square test of contingency, or by other
methods used in this study. Conversely, if this source of variation
is removed by restricting the sample to subjects of relatively low nutri-
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tional status, the magnitude of the correlations may be increased. From
the practical point of view, also, we are usually more interested in the
association of these different measures of nutritional status in the border-
line deficiency zone of nutrition than in the zone of excess.
To test the theory that the magnitude of these correlations may be
affected by nutritional status, the analyses in this study were extended
to compare correlations obtained in the borderline deficiency zone with
correlations obtained at higher planes of nutrition. For this purpose,
nutritional status was arbitrarily rated by the degree of severity of
associated physical signs, though it was recognized that clinical evidence
alone is not a reliable measure of nutritional status, particularly in
borderline deficiency states. Correlation coefficients for the association
of blood constituents with corresponding dietary nutrients were cal-
culated for each degree of severity of associated physical signs and com-
pared to see if the magnitude of the correlation coefficients increased
with severity of the associated signs. The associated physical signs
considered here were those previously selected by the screening procedure
for the discriminant function analysis.
Another test of the effect of nutritional status on associations was made
in which the blood or dietary level was used as the criterion of nutri-
tional status. The chi-square test of contingency for association of
physical signs with blood and dietary nutrients was applied to samples
of subjects whose dietary or blood levels indicated that they had low
nutritional status, and the magnitudes of the C-values were compared
with the corresponding values previously obtained for all subjects.
RESULTS AND DISCUSSION
Simple Correlation Coefficients
The correlation coefficients (r) between blood constituents and related
dietary nutrients, and their significance levels, are given in Table 3.
These data show the following associations to be significant for subjects
at nearly all stations:
Hemoglobin with dietary protein
Hemoglobin with dietary iron
Blood vitamin A with blood carotene
Blood ascorbic acid with dietary ascorbic acid
For the subjects at four stations the correlation of blood carotene with
dietary vitamin A (including carotene) was significant at the 10 per cent
level. A significant correlation of blood vitamin A with dietary vitamin
A was observed only with pregnant women in Massachusetts. Although
these correlation coefficients were all less than 0.5, the consistency of the
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results from station to station suggest that these associations were common
to the several age, sex, and geographic groups studied. It does not
necessarily follow, however, that the associations always apply to in-
dividual subjects. The scatter diagram in Figure 1 shows, for example,
FIGURE 1. SIMPLE CORRELATION COEFFICIENTS
Correlation between blood and dietary ascorbic acid in Maine sub-
jects as illustrated by a scatter diagram, r = .421. (significant at
the 1% level)
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that subjects with high dietary levels of ascorbic acid frequently did not
have high blood levels and vice versa. Some of this scattering was probab-
ly caused by effects of the previous meal on the blood level. Non-fasting
blood samples were used throughout these studies.
Merrow, et al (1952) obtained inconclusive results in a study of rela-
tionships between nutrient intake and serum levels of 160 children who
had physical signs. When they reduced the relatively wide variation
that occurred in dietary and serum values by selecting subjects who had
general patterns over a three-year period of high or low dietary or serum
values, they were able to demonstrate several significant relationships
between corresponding dietary and serum nutrients (ascorbic acid,
vitamin A, and carotene). Wide variation usually is encountered in
cross-section type surveys, and it probably accounts in large part for the
low degree of the associations reported here. Longitudinal studies,
though more difficult to carry out, have an advantage in that it is
possible to reject from the statistical analysis values that do not appear
to be characteristic for an individual.
One significant negative correlation was observed between blood
constituents and related dietary nutrients (Table 3). For New Jersey men
hemoglobin tended to increase as dietary iron decreased (r = —0.171).
Inspection of the distribution data revealed, however, that this trend was
present only at the higher levels of these compounds. Since the majority
of the men had iron intakes that exceeded the National Research Council
allowance and since nearly all of them had high hemoglobin levels
(Table 1 and Clayton, et al, 1953), the low order negative correlation
noted did not indicate a nutritional deficiency relationship.
In a study of correlations between blood constituents (ascorbic acid,
vitamin A, carotene) and dietary nutrients, Putnam, et al (1949) found
that only the relationship between blood ascorbic and dietary ascorbic
acid was consistently significant (for 15 of 24 population groups).
A preliminary examination of the data showed a number of blood
and dietary associations, in addition to those discussed above, that were
significant for subjects at several stations. Correlation coefficients for
these associations are given in Table 4. Where significant, these associa-
tions may have been due to the tendency for certain nutrients to occur
together in some foods, as vitamin A and ascorbic acid in leafy, green
vegetables. Also, there may have been a tendency for persons who
selected diets good (or poor) in the protective foods to obtain diets good
(or poor) in several nutrients simultaneously. Putnam, et al (1949)
obtained significant correlation between 7 pairs of blood constituents
and between 14 pairs of dietary nutrients. Carroll, et al (1952) found
highly significant correlations of dietary protein with intakes of thiamine
and riboflavin.
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The highly significant correlation found for subjects at all stations of
blood ascorbic acid with blood carotene may indicate a metabolic rela-
tionship between these compounds. Interrelationships of ascorbic acid
with vitamin A are indicated by the work of Mayer (1948, 1949), and
Kimble and Gordon (1939).
Chi-square Test1 of Contingency
The statistical hypothesis tested here is that groups of subjects with
low, middle, and high blood (or dietary) levels of a nutrient had the
same incidence of physical signs. This hypothesis was tested by the chi-
square test of contingency in all cases that provided sufficient data to
permit a test. Departures from a constant incidence rate, which were
significant at the 1 per cent, 5 per cent, and 10 per cent levels are given
in Table 5, along with information on the directions and magnitudes
of the associations. The direction of an association is listed as positive
if the incidence rate of the physical sign increased as the degree of
deficiency, indicated by the blood (or dietary) level, increased, and
negative if the reverse were true. An illustration of these trends is given
in Figure 2. The relative magnitudes of the statistically significant
associations are expressed by the coefficients of mean square contingency
(C values), although it is recognized that these coefficients have several
limitations (Appendix B).
Since the significance levels given in Table 5 indicate that there were
1, 5, or 10 chances per hundred that the associations were due to chance
sampling, there is greater basis for believing that an association actually
exists where several stations found the same association. Positively
directed associations that were found to be significant (1 per cent, 5 per
cent, or 10 per cent level) for subjects at three stations, and the range of
their C values are listed here:
Gingivitis with dietary ascorbic acid (0.10—0.21)
Gingivitis with blood carotene (0.10—0.26)
Increased vascularity of the bulbar conjunctiva with blood
ascorbic acid (0.11)
Positively directed associations that were found to be significant (1 per
cent, 5 per cent or 10 per cent level) for subjects at two stations and
their C values were as follows:
Acne (facial) with blood vitamin A (0.19 and 0.27)
Gingivitis with blood ascorbic acid (0.18 and 0.25)
Nasolabial seborrhea with blood vitamin A (0.16 and 0.19)
Folliculosis with dietary ascorbic acid (0.11 and 0.22)
Folliculosis with blood carotene (0.09 and 0.23)
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FIGURE 2. TEST OF CONTINGENCY
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B. Negative Association:
Incidence of changes in tongue papillae
increases as the degree of deficiency (in-
dicated by blood levels) decreases.
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Acne (facial) with blood ascorbic acid (0.12 and 0.18)
Nasolabial seborrhea with blood ascorbic acid (0.11 and 0.18)
Fissuring of the tongue with blood carotene (0.08 and 0.13)
Lesions of the outer canthi with blood carotene (0.06 and 0.10)
Also a number of other positive associations were found to be sig-
nificant for subjects at only one station (Table 5).
Of the 38 associations of physical signs with blood and dietary nu-
trients previously reported in the literature (Table 2) only 10 were found
to be positively associated (significant at the 10 per cent level) by one
or more stations. The failure of our data to provide statistically sig-
nificant evidence for many of those associations may be due to one or
more of the following factors: (1) For some associations there were not
sufficient data to permit an analysis. That is, in the comparatively well-
fed populations studied the incidence rates of certain physical signs were
close to zero. (2) For some associations there may have been sufficient
extraneous variations, such as in the recording of clinical data (Babcock,
et al, 1952) to mask the true degree of association and to thwart the
statistical efforts to estimate it. (3) The associations listed in the litera-
ture may not be true associations for the conditions of this study. That
is, these associations may not actually exist for the populations studied
or at the relatively high nutrient levels involved.
Of the 12 positive associations found to be significant for subjects at
two or three stations, only three (gingivitis with blood and with dietary
ascorbic acid and acne (facial) with blood vitamin A) were anticipated
by our working list (Table 2) of associations previously reported in the
literature. Each of the 9 additional associations noted might be ex-
plained in one of three ways. (1) It could be a true association, but not
a cause-and-effect relationship, and therefore not included in Table 2
as of interest from the medical point of view. (2) It could be a true
cause-and-effect association that has not heretofore received sufficient
attention to be included in Table 2. (3) The association may have been
a chance one due to sampling, although the probability of such occur-
rences has been kept low, as indicated by the significance levels.
In addition to the unpredicted associations discussed in the preceding
paragraph, six statistically significant, negative associations were noted;
that is, associations in which the incidence rate of physical signs decreased
as the degree of deficiency, indicated by the nutrient level, increased. Of
these six negative associations, four were with hemoglobin and two were
with blood ascorbic acid (Table 5). Only one negative association, in-
creased vascularity of the bulbar conjunctiva with hemoglobin, was
statistically significant for subjects at two stations. The possible ex-
planations given in the preceding paragraph also might be applied here.
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Thus, since the significant negative associations with hemoglobin were
noted only in children, one might postulate that both the hemoglobin
level and the incidence of the physical sign were correlated with growth,
and that the association between the physical sign and hemoglobin was
spurious. The two negative associations with blood ascorbic acid were
observed in the group of pregnant women.
Comparison of Mean Nutrient- Levels
Whereas the hypothesis in the last section was concerned with relative
distribution, an association was defined to exist here if a difference in
mean levels of a blood constituent or dietary nutrient was found between
subjects with and without a physical sign. If such a difference was
sufficiently large so as not likely to have occurred by chance (P <
.10),
as defined by the "t" test (Appendix C), it was listed as a significant
association. In addition, as a matter of interest, the 20 per cent probabil-
ity level is included in Table 6, where the results of this analysis are
given in terms of the percentage differences between means. The per-
centage differences of the means were calculated by subtracting the mean
value for subjects who showed the physical sign from the mean value
for subjects who did not show the physical sign, and dividing this dif-
ference by arbitrary reference values* for blood constituents, and by
the National Research Council recommended allowances for dietary
nutrients. For those samples which included several age and sex groups,
averages of the reference blood values and of the National Research
Council dietary allowances, weighted according to the number of sub-
jects in each age and sex group, were used.
For the subjects at four stations, blood ascorbic acid was found to be
positively associated (10 per cent level, or less) with nasolabial seborrhea.
That is, the mean levels of blood ascorbic acid for subjects who showed
nasolabial seborrhea were 21—42 per cent lower than for subjects who
did not show this sign.
The following associations between physical signs and blood levels
were significant for subjects at three stations (differences between the
means are given in parentheses):
Gingivitis with blood ascorbic acid (15—55 per cent).
Acne (facial) with blood vitamin A (12—44 per cent).
Increased vascularity of the bulbar conjunctiva with blood
ascorbic acid (16—39 per cent).
Nasolabial seborrhea with blood vitamin A (17—24 per cent).
Gingivitis with blood carotene (8—22 per cent)
.
Folliculosis with blood carotene (8—10 per cent).
Highest value in the "Fair" classification used by Bessey and Lowry (1947).
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Associations that were found to be significant for subjects at two
stations, and the percentage differences between the means were as
follows:
Fissuring of the tongue with blood carotene (7 per cent,
25 per cent).
Lesions of the outer canthi with blood carotene (15 per cent,
16 per cent).
Acne (facial) with blood ascorbic acid (12 per cent, 19 per
cent).
Folliculosis with blood vitamin A (8 per cent, 18 per cent).
Stomatitis with blood hemoglobin (3 per cent, 3 per cent)
.
One negative (reverse) association was significant (10 per cent level,
or less) for subjects at three stations. The mean dietary levels of ribo-
flavin were 21—29 per cent higher for New Jersey, New York, and West
Virginia subjects who had nasolabial seborrhea than for those who did
not (Table 6). Negative associations were noted at two stations for
stomatitis with dietary niacin (—27 per cent, —41 per cent) and for
increased vascularity of the bulbar conjunctiva with hemoglobin (—2 per
cent, —6 per cent). A number of other associations were positively
associated at some stations, but negatively associated at other stations,
or were significantly associated at only one station (Table 6).
A significant difference in means indicates a group difference, but
this difference does not necessarily apply to all individuals within the
group. Figure 3 illustrates the extensive overlapping of the distribu-
tions of two groups that had a highly significant difference in their means.
The comparison of mean nutrient levels generally confirmed the
analysis of the same data by the chi-square test of contingency. It
should be pointed out, however, that these two tests are not equivalent.
The comparison of means is concerned with the distance between two
populations as indicated by their means, or centers of gravity, while the
test of contingency is concerned with the proportion of subjects falling in
several categories, or their distribution (Figures 2 and 3). Even though
we should expect similar results in general from these two tests, they
occasionally differ as a result of sampling fluctuations, especially when
small numbers are involved. For example, the association of folliculosis
with dietary ascorbic acid indicated by the test of contingency failed to
materialize in the comparison of means. Two negative associations not
revealed in the contingency test but brought out by the comparison of
means were those of stomatitis with dietary niacin and nasolabial sebor-
rhea with dietary riboflavin. We might note that although the defini-
tions of positive and negative associations were as consistent as we could
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FIGURE 3. COMPARISON OF MEAN NUTRIENT LEVELS
Difference between blood vitamin A means of New York subjects
witS and without nasolabial seborrhea as illustrated by the dis-
placement of their frequency distributions.
Distribution of subjects without naso-
labial seborrhea: mean = 40.5 ug./lOO ml.
Percent
frequency
18 -
12 -
6 -
- - — Distribution of subjects with nasolabial
seborrhea: mean = 34.1 ug./lOO ml.
20 40 60
Blood vitamin A, ug./lOO ml
make them for the two methods, the one for the contingency test was
more restricted, thus conceivably contributing to some of the incon-
sistencies.
Discriminant Function
In this analysis the association of physical signs with individual blood
constituents and dietary nutrients was measured after removing the
effects of other blood constituents and other dietary nutrients by statis-
tical adjustment. Partial association coefficients, analogous to standard
partial regression coefficients, were computed as indicators of the relative
contribution of each nutrient towards discrimination. A test of sig-
nificance was made for each nutrient under the hypothesis that its
contribution to the association was zero. In Table 7, the partial associa-
tion coefficients and their significance levels are given for each nutrient
studied by this method. A partial association coefficient is listed in
Table 7 as positive (positive association) if the incidence rate of the
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physical sign increased as the degree of deficiency, indicated by the
blood (or dietary) level, increased. Over-all correlation indices and
their significance levels also are given for the associations of multiple
combinations of nutrients with the physical signs. Over-all correlation
indices range from zero to 1.0, but are always positive and therefore
do not indicate the direction of the associations.
The partial association coefficients obtained by the discriminant
function anaylsis are more critical measures of associations than either
the chi-square test of contingency or the comparisons of mean nutrient
levels described previously, because the partial association coefficients
measure the degree of association after adjustments have been made for
the effects of other nutrients. The data for the associations in West
Virginia students, of goiter with blood ascrobic acid, dietary protein,
and dietary ascorbic acid, illustrate this point. The chi-square test
of contingency (Table 5) and the comparison of mean nutrient levels
(Table 6) each showed highly significant associations of goiter with die-
tary ascorbic acid and with protein in West Virginia subjects. The partial
association coefficients (Table 7) show, however, that although the asso-
ciation of goiter with dietary ascorbic acid was highly significant, the as-
sociation with protein was no longer significant after adjustment had been
made for the effects of ascorbic acid. The reason for this change is that
a number of the subjects who had low dietary levels of ascorbic acid also
had low protein levels (the dietary ascorbic acid-protein correlation co-
efficient was 0.352, significant at the 1 per cent level). This tendency
for the protein values to parallel the dietary ascorbic acid values, to-
gether with the association of dietary ascorbic acid and goiter, ap-
parently caused significant associations to appear between protein and
goiter in the chi-square test of contingency and in the comparison of
mean nutrient levels. When an adjustment was made for the effects
of blood and dietary ascorbic acid in the discriminant function analysis,
this association between protein and goiter was reduced to a negligible
quantity. These data strongly suggest that the association of protein
with goiter was spurious, and merely a reflection of the ascorbic acid-
goiter association.
Obviously, the adjustments made in a discriminant function analysis
do not rule out factors that were not included in the analysis, and,
like other statistical measures of associations, they do not establish
cause-and-effect relationships. Thus, the highly significant association
of goiter with dietary ascorbic acid noted in the preceding example
does not indicate that an ascorbic acid deficiency causes goiter. Perhaps
if data had been available for the iodine intakes of these students
during puberty, inclusion of that factor in the analysis might have
shown the association of dietary ascorbic acid with goiter to be spurious.
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The careful screening procedure for selecting factors to be considered
in each discriminant function analysis, described in previous sections
of this bulletin, was intended to insure consideration of all pertinent
nutrient factors for which data were available. The discriminant
function analysis was then used to eliminate spurious correlations among
these nutrients, which may have been caused by the fact that if a
person's diet is low in one nutrient, it is likely to be low in other
nutrients also. Or, to put it differently, the fact that nutritional de-
ficiencies usually occur in multiple form tends to cause spurious asso-
ciations, which were at least partly eliminated by applying the dis-
criminant function analysis.
The partial association coefficients listed under the blood and dietary
nutrients in Table 7 indicate the relative contributions of the several
nutrients individually toward predicting the presence or absence of
a sign. Thus, for nasolabial seborrhea in Massachusetts subjects, it is
seen that blood ascorbic acid and blood vitamin A contributed the
same amount of relative information, while dietary riboflavin con-
tributed nothing when in combination with the other two nutrients.
For the prediction of gingivitis in Maine and Rhode Island subjects,
blood ascorbic acid was found to be more effective than dietary ascorbic
acid. Likewise, in nearly all of the other associations that provided a
comparison at any station of the contribution of blood ascorbic acid
with that of dietary ascorbic acid, the coefficients for dietary ascorbic
acid were either less than those for blood ascorbic acid, or were nega-
tively correlated with the physical signs. As with ascorbic acid, the
blood levels of vitamin A (and its provitamin, carotene), were usually
more effective than dietary intakes in predicting whether or not subjects
had certain physical signs, as, for example, folliculosis.
For the subjects at four stations an association signficant at the 20 per
cent level, or less, was observed between acne (facial) and blood vitamin
A. The following associations were significant at three stations:
Increased vascularity of the bulbar conjunctiva with blood
ascorbic acid.
Nasolabial seborrhea with blood ascorbic acid and also with
blood vitamin A.
Gingivitis with blood ascorbic acid.
For the subjects at two stations blood carotene was significantly asso-
ciated with gingivitis, folliculosis, and xerosis, but a highly significant
negative association with xerosis was also noted at another station.
The directions of the association of xerosis with blood vitamin A at
different stations were not consistent—two positive and two negative.
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Other negative associations significant for subjects at two stations were
as follows:
Nasolabial seborrhea with dietary riboflavin.
Stomatitis of the buccal mucosa with dietary niacin.
Perifollicular petechiae with dietary ascorbic acid.
It will be noted that of the above-mentioned associations, significant
for subjects at two or more stations, the positively directed associations
were with blood constituents, and the negatively directed (reverse) asso-
ciations were with dietary nutrients. The three negative associations
of physical signs with dietary nutrients were contrary to observations
previously reported in the literature (Table 2). This inconsistency
suggests the possibility that the samples studied may have contained
a number of subjects in whom the physical sign had been caused by some
factor other than malnutrition, and who were attempting to cure the
condition by high dietary intakes. It also is pertinent that the literature
cited is concerned with associations in the deficiency state, whereas the
data given here are based on intakes ranging from deficient to excess,
with a predominance of the latter. As an example, let us see why the
New Jersey data indicated a highly significant (1 per cent level) reverse
association of niacin with stomatitis of the buccal mucosa, contrary to
literature reports that a deficiency of niacin may cause such stomatitis.
The dietary data showed that the twenty-two subjects who had
stomatitis had an average niacin intake of 25 mg. per day. Only four of
these subjects consumed less than the National Research Council
recommended allowance for niacin and these four each consumed more
than 12 mg., which probably met their minimum requirements. It
thus appeared that the association under examination was not con-
cerned with the effects of niacin deficiency. The data might be ex-
plained by postulating either that an excess of niacin caused stomatitis,
or that a one-in-a-hundred chance association had occurred. It was noted
that three subjects who had stomatitis (presumably of non-nutritional
origin) happened to have extremely high niacin intakes. These sub-
jects were large (150 to 200 lbs.), active men who stated, under care-
ful cross-examination at the dietary interview, that they ate quantities
of food which were later calculated to contain over 6,000 Calories per
day. Since there were only twenty-two subjects with stomatitis, the
data from these three subjects carried great weight in the analysis.
Rejection of these three subjects would change this partial association
coefficient from —.14 (1 per cent level) to .01 (not significant), with
little change in the other coefficients.
The preceding example of apparently a chance association occur-
ring at the 1 per cent level emphasizes that coefficients significant at
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the 10 per cent and 20 per cent levels must be interpreted with caution.
Theoretically, 5-10 per cent of the coefficients listed in the tables as
being significant at the 10 per cent level, and 10-20 per cent of those listed
as being significant at the 20 per cent level, were caused by chance
sampling rather than by true associations. To minimize the effects of
sampling errors on interpretation of the data, an association of a
physical sign with a blood constituent or a dietary nutrient has been
listed in the summary of this paper as "significant" only if the dis-
criminant function analysis showed it to be significant at the 5 per cent
level, or less, for subjects at one station, at the 20 per cent level, or
less, for subjects at another station, and gave no negative coefficients
significant at the 20 per cent level at any station.
The over-all correlation indices, also given in Table 7, provide a
measure of the precision with which individual physical signs could be
predicted from various combinations of blood and dietary data. An
over-all correlation index greater than about 0.7 would indicate that
a combination of nutrients had effectively distinguished between groups
of subjects with and without a physical sign. Although many of the
over-all correlation indices given in Table 7 were statistically significant,
the low values of these coefficients (only one exceeded 0.33) show that,
under the conditions of these studies, it was not possible to effectively
predict the presence of physical signs from combinations of blood and
dietary data. Because of the careful screening procedure used to select
the nutrients for this phase of the study, it seems unlikely that the
inclusion of other nutrients in the combined associations would in-
crease the ability to discriminate between subjects with and without
physical signs.
Effect of Nutritional Status on Associations
The procedures used to test the theory that higher correlations be-
tween dietary, blood, and medical data may be obtained from subjects
of low nutritional status necessarily limited this phase of the study to
those nutrients for which blood data, as well as dietary and medical
data, were available. The analysis was thus restricted to ascorbic acid
(dietary, blood, and associated physical signs), and vitamin A (dietary
and blood vitamin A, blood carotene, and associated signs). A more
severe limitation required by the procedure was that there be sufficient
numbers of subjects having physical signs, low blood levels, and low
dietary levels to provide valid tests.
Table 8 gives the blood-dietary correlation coefficients for ascorbic
acid and vitamin A for each degree of severity of associated physical
signs. Physical signs for which less than five individual correlation
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coefficients could be calculated were not included in that table. The
correlation of blood ascorbic acid with dietary ascorbic acid for New
Jersey men having different degrees of thickening of the bulbar con-
junctiva illustrates the theory. As the severity of the physical sign in-
creased from "normal," through "mild" and "moderate," to "severe,"
the magnitude of the correlation coefficients increased from 0.09, through
0.25 and 0.36, to 0.95. The numbers of subjects having various degrees
of the sign were, however, so small that this trend was not statistically
significant. Data from Maine children for the same association showed
a slight trend in the opposite direction.
Of the twenty-three sets of comparative values given in Table 8,
about half showed a tendency for the correlation coefficient to increase
with severity of associated sign, one-fourth showed a reverse trend, and
one-fourth showed no trend. Since many of the individual correlation
coefficients were not significant (P > 0.20), some of the trends (both
positive and reverse) may easily have been due to chance. Of the
significant correlation coefficients given in Table 8, eight of the ten
pairs of coefficients increased with increasing severity of the physical
sign. Collectively, these data provide some support for the theory,
but indicate that exceptions may occur frequently.
Putnam, et al (1949) obtained lower correlations of blood ascorbic
acid with dietary ascorbic acid from subjects with high levels of in-
take than from subjects with low intakes. They suggested that with
the serum level at or near the renal threshold much of the ingested
vitamin may have been excreted. They also noted a closer fit of the
data to the regression lines at intakes less than 60 milligrams daily
than at higher levels.
The data in Table 8 were used to estimate the effect of nutritional
status, as defined by physical signs, on the associations of blood con-
stituents with dietary nutrients. Attempts also were made to estimate
the effect of nutritional status, as defined by blood levels, on the
associations of physical signs with dietary nutrients, and the effect
of nutritional status, defined in terms of dietary levels, on the associa-
tions of physical signs with blood constituents. The latter studies
were made by comparing C—values obtained from chi-square tests
on subjects of low nutritional status with the corresponding C-values
given in Table 5 for all subjects. This test was not a sensitive one,
but it showed effects of nutritional status in agreement with the theory
for the association of vascularity of the bulbar conjunctiva with ascorbic
acid in Rhode Island subjects. Thus the C-value for the association
of this sign with dietary ascorbic acid was increased from 0.151, sig-
nificant at the 5 per cent level (Table 5), to 0.300, significant at the
1 per cent level when the sample was restricted to subjects whose blood
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levels were "fair" or "poor" by the classification of Bessey and Lowry
(1947). Likewise, the C-value for the association of this sign with blood
ascorbic acid was increased from 0.113, significant at the 5 per cent
level, for all subjects to 0.238, significant at the 10 per cent level, for
subjects whose diet supplied less than 70 per cent of the National Re-
search Council recommended allowance for ascorbic acid. Similar effects
of nutritional status were noted, with some exceptions, for the associa-
tions of gingivitis with dietary and blood ascorbic acid in Maine, New
Jersey, and Rhode Island subjects.
The data cited in the preceding paragraphs suggest that subjects
of low nutritional status may frequently show higher associations
among dietary, blood, and medical data than subjects having high
nutritional status, but such trends individually have not been shown
to be statistically significant.
INTERPRETATION OF RESULTS
This study was designed to provide information on the complex
relationships between dietary intake, biochemical processes, and physical
signs as they exist in normal population groups throughout the North-
east Region. This plan necessarily precluded the control of many
extraneous sources of variation in the data and thus lowered the
probability of establishing clear-cut relationships, but at the same
time it gave a more comprehensive picture than is possible under the
artificial conditions of controlled experimentation.
The studies reported here of relationships between blood constituents
and their corresponding dietary nutrients showed, as might be expected,
that the distribution of blood ascorbic acid reflected that of dietary
ascorbic acid, that blood hemoglobin was related to dietary protein
and iron, and that blood carotene paralleled blood vitamin A. Relation-
ships of dietary vitamin A (including carotene) with the corresponding
blood nutrients were scarcely detectable because of the wide daily
fluctuations in dietary levels and the effects of tissue reserves on blood
levels of this vitamin. A further study of blood and dietary relation-
ships revealed a number of other statistically significant correlations,
but these were thought to be mostly spurious correlations caused by
the tendency of natural diets rich in a given nutrient to contain high
levels of some other nutrients.
The investigation of relationships between quantitative measurements
of blood constituents (and also of dietary nutrients) on the one hand,
and qualitative ratings of clinical signs, on the other, was accomplished
by means of the chi-square test of contingency, supplemented by a
comparison of the mean blood (or dietary) levels of subjects who had
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clinical signs with those who did not have clinical signs. These
studies showed that a number of physical signs were significantly
associated with blood levels in two or more population groups, but
gave little evidence of relationships of physical signs with dietary nutri-
ents.
Because of the appreciable number of spurious correlations observed
between various blood and dietary nutrients, the analyses were ex-
tended by means of a relatively new statistical method, the discriminant
function, to adjust for any effects of certain nutrients on the associa-
tions of other nutrients with physical signs. The associations selected
for this phase of the study were those that had previously been shown
to be associated by the comparisons of means. A number of the asso-
ciations that had previously been found to be significant were no
longer significant after adjustment had been made for the effects
of other nutrients. The discriminant function analyses showed seven
associations (listed in the Summary) of physical signs with blood con-
stituents that were significant for two or more population groups.
Blood constituents were usually more effective than dietary nutrients
as a means of predicting which subjects had physical signs and which
did not. In no case could the presence of a physical sign be accurately
predicted from any of the combinations of blood and dietary nutrients
that were tested.
The data cited here illustrate the need for caution in interpreting
survey results. The possibility that spurious or chance associations
may account for some of the significant associations (both positive and
negative) has been discussed. It also has been emphasized that associa-
tions that are significant for a group of subjects are not necessarily
applicable to all individual subjects, and, of course, cannot always
be taken as an indication of cause and effect no matter how refined
the statistical analysis. Neither can the failure to obtain statistical
proof of an association be taken as evidence that a relationship does
not exist. The uncontrolled variation present in each measurement
and the low frequency of nutritional deficiencies in well-fed population
groups may combine to obscure such relationships. Sources of uncon-
trolled variation have been discussed in detail elsewhere (National Re-
search Council, 1949; Babcock, et al, 1952; Young, et al, 1952; Clayton,
et al, 1953).
Another complication that must be considered in studying relation-
ships among various measures of nutritional status is that these rela-
tionships may not be the same in the well-nourished organism as in
the deficient one. Examination of the data reported here suggests
that subjects of low nutritional status may show higher associations
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among dietary, blood, and medical data than subjects having high
nutritional status.
The implications of these findings are that cross-section type statis-
tical studies of the nutritional status of normal population groups may
reveal relationships between dietary intake, blood chemistry, and
physical signs, but that these relationships must be studied further in
longitudinal studies under controlled conditions to establish their
validity.
SUMMARY
Data from over 1,500 subjects, representing various population groups
in the Northeast Region of the United States, have been analyzed for
evidence of relationships between dietary intake, blood chemistry, and
physical signs. Significant correlations were observed in most popula-
tion groups for the following blood constituents and dietary nutrients:
Hemoglobin with dietary protein
Hemoglobin with dietary iron
Blood vitamin A with blood carotene
Blood ascorbic acid with dietary ascorbic acid
In analyzing the data for relationships between blood constituents
and physical signs and between dietary nutrients and physical signs,
the data were screened to locate nutrients that may have been sources
of spurious associations, and adjustments were made statistically to com-
pensate for any effects of those nutrients on the associations of other
nutrients with physical signs. The following associations were found
to be significant in studies of two or more population groups:
Acne (facial) with blood vitamin A
Increased vascularity of the bulbar conjunctiva with blood
ascorbic acid
Nasolabial seborrhea with blood ascorbic acid
Nasolabial seborrhea with blood vitamin A
Gingivitis with blood ascorbic acid
Gingivitis with blood carotene
Folliculosis with blood carotene
Throughout this study particular consideration has been given to
factors that may affect the interpretation of the data. The findings
suggest that cross-section type studies of normal population groups
should be supplemented by longitudinal studies under controlled con-
ditions.
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STATISTICAL APPENDIX
Appendix A. Chi-square of Contingency
The chi-square tests of contingency were applied according to the
formula that can be found in Goulden (1939). Special attention was
paid where needed to expected values and to the correction for con-
tinuity. In some of the 2 by 2 tables where a directional result was
anticipated, a one-tailed chi test was used as a more powerful statistic
in testing for contingency. In the 2 by 3 tables where it was apparent
that a linear relation between the two variates existed, the value of chi-
square was partitioned into linear component and remainder, the test
being made with one degree of freedom. Such a partition was suggested
by Brandt (1952). Again, the chi test with the one degree of freedom
associated with the linear partition was used to test a one-side
hypothesis only where a directional result was anticipated.
Appendix B. Coefficient- of Mean Square Contingency
This coefficient, due originally to Karl Pearson (1904), was calcul-
ated according to the formula, C — V X2/(X 2 + N), which can be
found in Goulden (1939). Since C is independent of the number of
individual contributions to chi-square as well as depending on both chi-
square and N, it is not strictly comparable from test to test where
neither the degrees of freedom nor N were constant. Moreover, for
those accustomed to measures of association with a range of —1 to -4-1,
this coefficient may offer further difficulty. It was calculated for data
of the nature used in this research that the values for C would range
from a minimum of zero to a maximum of about 0.6. The values are
always positive and do not indicate the direction of an association.
Despite these obvious limitations, it was felt that the advantage of
having at least an approximate idea of the magnitude of the associa-
tion (other than indicated by the level at which the values of X 2 would
be significant) would justify the computation of this statistic.
Where chi-square was partitioned into one degree of freedom for
linearity, the corresponding C value was not computed lest it lose
what little basis it had for comparison.
Other indexes of contingency were available, as can be found
in Kendall (1945). These proved to have even more serious limita-
tions than the one presented here.
Appendix C. The "t" Test
Of the many references explaining the use of the "t" test, Dixon
and Massey (1951) offer an especially lucid account of the type of
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hypotheses, critical regions, and procedure to follow in accepting or
rejecting hypotheses. The effect of the failure of some of the necessary
assumptions to hold has been summarized by Cochran (1947). In the
applications here, the procedure has been scrutinized carefully in light
of the necessary assumptions and limitations to substantiate the validity
of the test as used as well as the conclusions derived from it.
Appendix D. The Discriminant- Function
Originally proposed by Fisher (1936) as a method employing con-
comitant measurements of several characteristics as a basis for indentify-
ing an object with one or the other of two population types, the dis-
criminant function has since been applied to many and diverse types
of problems. A recent comprehensive survey of discriminatory analysis
has been made by Hodges (1950). Cochran (1948) treated it as a gen-
eralized linear regression in which the covariance matrix of the predictors
included the variances between means as well as the within variances.
It has been shown by many writers, Kendall (1946) for one, that the
tests of significance for each predictor as well as for the discriminant
itself are available from the usual multiple regression theory under the
assumption that y, the population designator, is fixed and the x's or
predictors have a multivariate normal distribution. Although this
assumption admittedly was not met in the data presented here, there
has been considerable evidence (Cochran, 1947) that any resultant
shift in the probability levels would very likely be small. More than
offsetting this minor disadvantage is the wealth of information avail-
able from multivariate analysis not otherwise obtainable in consider-
ing a pair of variables separately.
In the application of discriminant function theory here, emphasis
has been placed on the information derived from the predictors them-
selves individually and collectively as indicators of their relationship
to the two populations used rather than the original taxonomic use.
Since there seemed to be no widely accepted terminology in the liter-
ature describing the variables of this function (possibly due to the
many fields of application), the term "partial association coefficient"
was used here to refer to this specific role of the predictors. It should
be noted that this term has been employed by other writers in different
kinds of analysis but in the same sense.
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Table 1. Classification of Subjects by Blood Levels
Blood Constituent Low Middle High
Hemoglobin (g./lOO ml.)
Females (all ages) Less than 11.0 11.0 to 12.9 13.0 and over
Males (below 13) " " " " " "
Males (13 and 14) " 11.5 11.5 " 13.4 13.5 "
Males (above 14) " 12.0 12.0 •' 13.9 13.9 "
Ascorbic acid (mg./100 ml.) 0.4 0.4 " 0.6 0.7 "
Vitamin A (^g./lOO ml.) " 20 20 " 29 30
Carotene (^g./lOO ml.) " 75 75 " 124 125
Table 2. List of Associations Between Physical Signs and Nutrients*
Vitamin A— Eyes : Blepharitis
Eyes : Thickening of the bulbar conjunctiva
Skin : Acne (facial)
Skin : Xerosis
Skin : Folliculosis
Thiamine—
Riboflavin-
Niacin—
Ascorbic Acid—
Prbtein-
Iron—
Neurological Findings
Eyes : Blepharitis
Eyes : Thickening of the bulbar conjunctiva
Eyes : Lesions of the outer canthi
Skin : Nasolabial seborrhea
Skin : Acne (facial)
Lips: Cheilosis (including angular stomatitis)
Tongue : Magenta
Tongue : Changes in papillae
Tongue : Swelling
Lips: Cheilosis (including angular stomatitis)
Buccal Mucosa : Stomatitis
Tongue :Reddened
Tongue : Changes in papillae
Tongue : Swelling
Gums : Gingivitis
Skin : Perifollicular petechiae
Skin : Purpura
Tongue : Reddened
Lips: Cheilosis (including angular stomatitis)
Adapted from similar lists published by the American Medical Association (1946) and
by Jolliffe, Tisdale and Cannon (1950).
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Table 3. Simple Correlation Coefficients. Coefficients and Their
Significance Levels for the Correlations of Blood Constituents
with Related Dietary Nutrients
Correlation Maine Mass. New Jersey New York Rhode Is. West Va.
Hemoglobin with
dietary protein .188 5% .272 5% —.056 NS .177 1% .311 1% .289 1%
Hemoglobin with
dietary iron .141 5% .245 5% —.171 1% .213 1% .269 1% .323 1%
Blood ascorbic
acid with
dietary
ascorbic acid .421 1% .280 5% .125 1% .235 1% .466 1% .361 1%
Blood vitamin A
with blood
carotene .459 1% —.050 NS .249 1% .180 1% .322 1% .187 1%
Blood vitamin A
with dietary
vitamin A .047 NS .363 1% .055 NS —.031 NS —.042 NS —.014 NS
Blood carotene
with dietary
vitamin A .136 10% .038 NS .057 NS .151 5% .130 10% .138 10%
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Table 4. Simple Correlation Coefficients (continued) . Coefficients
and Their Significance Levels for the Correlations of Blood and
Dietary Nutrients Other Than Those Listed in Table 3
Correlation Maine Mass. New Jersey New York Rhode Is. West Va.
Hemoglobin with
blood ascorbic
acid —.042 NS —.077 NS .051 NS —.132 1% .022 NS .024 NS
Blood ascorbic
acid with blood
vitamin A .123 10% —.169 NS .076 NS .148 1% .032 NS —.178 1%
Blood ascorbic
acid with blood
carotene .265 1% .362 1% .277 1% .519 1% .370 1% .336 1%
Blood ascorbic
acid with die-
tary vitamin A .155 5% .192 10% .019 NS .110 5% .218 1% .173 1%
Blood vitamin A
with dietary
riboflavin .026 NS .315 1% —.039 NS —..012 NS —.179 1% —.005 NS
Blood vitamin A
with dietary
ascorbic acid .030 NS .086 NS .049 NS —.070 NS —.010 NS .058 NS
Blood carotene
with dietary
ascorbic acid .205 1 % .167 NS .039 NS .149 1% .174 5% .143 5%
Dietary protein
with dietary
riboflavin .847 1% .442 1% .803 1% .691 1% .671 1% .772 1%
Dietary iron
with dietary
riboflavin .550 1% .934 1% .541 1% .528 1% .591 1% .668 1%
Dietary vitamin
A with dietary
riboflavin .373 1% .229 5% .296 1% .385 1% .410 1% .504 1%
Dietary vitamin A
with dietary
ascorbic acid .482 1% .610 1% .444 1% .461 1% .583 1% .495 1%
Dietary thiamine
with dietary
ascorbic acid .461 1% .298 1% .392 1% .378 1% .454 1% .417 1%
Dietary riboflavin
with dietary
niacin .542 1% .310 1% .398 1% .645 1% .377 1% .421 1%
Dietary riboflavin
with dietary
ascorbic acid .388 1% .185 NS .283 1% .417 1% .361 1% .432 1%
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